INTRODUCTION
Lenzites betulinus (L.) Fr. is a plant pathogen and common white-rot species grows scattered or clustered on deciduous wood such as birch, beech and oak, and less frequently on coniferous woods. This species has been used in traditional Chinese medicine for haunch and femoral pain, acropathy, apoplexy, and cold (R e n et al., 2006) , and a wide range of medicinal effects were confirmed. A water extract of L. betulinus demonstrated mild antitumor activity against Sarcoma 180 (I k e k a w a et al., 1968) , and the methanol extract showed free-radical scavenging (L e e et al., 1996) , immunomodulating (F u j i m o t o et al., 1994) and antimicrobial activity (Ya m a c and B i l g i l i , 2006).
Nowadays, the ligninolytic enzyme systems of different mushrooms present an important area of interest which aim is to introduce the types and characteristics of produced enzymes, as well as the possibilities of their application in various biotechnological processes. Considering the literature data where ligninolytic enzyme system of L. betulinus has been only rarely reported, the aim of this study was to discover whether cultivation conditions Зборник Матице српске за природне науке / Proc. Nat. Sci, Matica Srpska Novi Sad, № 120, 331-336, 2011 affect the production and activity of the selected enzymes during solid-state and submerged fermentation of different types of agricultural wastes by this species.
MATERIAL AND METHODS

Organism and growth conditions
Lenzites betulinus BEOFB 500 was collected from Populus sp. in Permskiy Kray, Russia, and maintained on malt agar medium (MA) in the culture collection of the Institute of Botany, Faculty of Biology, University of Belgrade.
The inoculum was prepared by inoculation of 100 ml of synthetic medium (glucose, 10.0 gl -1 ; NH4NO3, 2.0 gl -1 ; K2HPO4, 1.0 gl -1 ; NaH2PO4 x H2O, 0.4 gl -1 ; MgSO4 x 7 H2O, 0.5 gl -1 ; yeast extract, 2.0 gl -1 ; pH 6.5) with 25 mycelial agar plugs (0.5cm in diameter) of 7-day-old L. betulinus culture on MA. The Erlenmayer flasks (250 ml) were incubated at room temperature (22 ± 2°C) on a rotary shaker (100 rpm) for 7 days. The obtained biomass was washed (3 times) by sterile distilled water (dH2O) and homogenized with 100 ml of dH2O in laboratory blender.
The ligninolytic enzyme activity was determined after solid-state (SSF) and submerged (SF) fermentation of wheat straw and oak sawdust. SSF was carried out at 25ºC in 100 ml flasks containing 2 g of wheat straw or 5 g of oak sawdust soaked with 10 ml of modified synthetic medium (without glucose, with nitrogen in a concentration of 25 mM, and pH 6.5). Homogenized suspensions (of 5 ml) were used for inoculation of one flask. On the other hand, SF was performed in 250 ml flasks containing 2 g of wheat straw or 5 g of oak sawdust, grounded to pass at least 40-mash screen, and 50 ml of modified synthetic medium, at room temperature (22 ± 2°C) on a rotary shaker (100 rpm). Prepared flasks were inoculated with 3 ml of homogenized inoculum. Samples from flasks were harvested successively after 7 and 10 days of cultivation. Extraction of ligninolytic enzymes obtained under SSF conditions was performed by stirring samples with 50 ml of dH2O on magnetic stirrer for 10 minutes at the temperature of 4ºC and centrifugation (4°C, 3000 rpm, 10 min). Obtained biomasses after SF fermentation were separated by centrifugation (4 °C, 3000 rpm, 10 min) and supernatants were used to estimate the enzyme activity. Five replicates for each plant residue were analyzed.
Enzyme activity assays
Laccase (Lac) and Mn-oxidizing peroxidases [Mn-dependent peroxidase (MnP) and versatile peroxidase (VP)] were determined spectrophotometrically using CECIL CE 2501 spectrophotometer. Lac activity was estimated by monitoring the A436 change related to the rate of oxidation of 50 mM 2.2 ' -azino--bis-[3-ethyltiazoline-6-sulfonate] (ABTS) (ε436 = 29300 M -1 cm -1 ) in 0.1 M phosphate buffer (pH 6.0), at 35ºC. The reaction mixture contained: buffer, ABTS, and sample (Vtot = 1 ml). Mn-oxidizing peroxidases activities were determined with 3 mM phenol red (ε610 = 22000 M -1 cm -1 ) as a substrate in a buffer with the following content: succinic acid disodium salt, albumin from bovine serum, and DL-lactic acid sodium salt (pH 4.5). The reaction mixture (Vtot = 1 mL) contained: buffer, sample, 2 mM H2O2 and phenol red, with or without 2 mM MnSO4 (for MnP and VP, respectively). Reaction was stopped by 2M NaOH.
Enzymatic activity of 1 U is defined as the amount of enzyme that transforms 1 μmol of substrate/min.
RESULTS AND DISCUSSION
Studied species was able to grow at both substrates and produce all three assayed enzymes. The calculated enzyme activity at different time points shows significant differences. Lower MnP activity was associated with initial phases of experiment while Lac showed the opposite effect. Production of ligninolytic enzymes was dependent on the carbon source and cultivation type. Wheat straw appeared to be a better carbon source for activity of Mnoxidizing peroxidases, while oak sawdust was more favorable for Lac production. SSF of wheat straw was optimal for MnP activity (72.12 Ul -1 ), while VP activity reached peak after 10 days of wheat straw SF (29.09 Ul -1 ) (Figures 1, 2) . L. betulinus was able to produce Lac by solid state cultivation on both wheat straw and oak sawdust substrates, but its activity was not noted in liquid medium (Figures 1,2) . The obtained results demonstrated that initial stages of SSF are associated with considerable Lac production, and the highest level was noted after oak sawdust SSF (32.25 Ul -1 ) (Fig. 1) . . (2008) came to the same conclusion researching Trametes versicolor. Namely, the authors suggested that under conditions of beech SSF Mn-oxidizing peroxidases are not involved in initial phases of wood material colonization. The lack of Lac production could be strongly related with aeration level, i.e. the oxygen deficit under SF conditions, as oxygen is required for the enzyme catalytical proccesses (R e i n h a m m a r, 1984; T h u r s t o n, 1994; E g g e r t et al., 1996; S o l o m o n et al., 1996) . In contrary to this, solid-state cultivation has proved to be particularly suitable for the Lac production since it reproduces the natural living conditions of fungi (P a n d e y et al., 1999; M o o -Y o u n g et al., 1983) . Based on this fact, higher enzyme activities during SSF in comparison to SF could also be explained.
Although numerous studies of different medicinal effects of L. betulinus were done, data on its ligninolytic enzyme system have not been reported until now. This type of study is significant because, recently, special attention in biotechnology has been given to obtaining large amounts of low-cost enzymes by usage of various agricultural and food industry residues, which can often be serious environmental pollutants. Residues could be mineralized to low-molecular weight compounds by various ligninolytic enzymes, which are better digested by animals and could be used in further processing, such as in producing feeds and basic commodities for different industrial purposes.
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